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A Study on Verifying the Reliability of Creep Life Assessment Using
Hardness Method for STS304H
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This paper aims to verify the reliability of the creep-life assessment regarding the STS304H-Type tube for which the
hardness method of H. Tanaka is used. For this purpose, the creep-rupture test and the hardness test were conducted with
a new tube and used tubes that were exposed to 96,000 hr under a 650°C condition. The hardness value of the used
tubes is higher than that of the new tube by approximately 12 Hv to 15 Hv. This test result was applied to the creep-life
assessment of the STS304H-Type for which the H. Tanaka hardness method was used, and the life consumption of the
used tubes was evaluated as 13%. The rupture times of the new and used tubes are 802 hr and 707 hr, respectively. The
use of the test results as a substitution of the results of the Larson Miller Parameter for a life-assessment tool produced a
life-consumption calculation of approximately 12%. Similar results can be confirmed between the Larson Miller Parameter
method and the hardness method.
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1. M2
SEjuvEte] 7174 5 skl S Hok=s Lago] A
NOMENCLATURE 7] A B B e 1.8, 1] Zv)xrloRe 4
A7y ZllstA] Xgsar glom, olzfgt 7FEgt s sto A w=
LMP = Larson Miller Parameter AAE]0] 7] A ok Al ko] FPsElEE 2x) At E5t |
to = Total life time of new tube 2203 o]2o|x|1 9}
t; = Remaining life time of used tube slEErd Anls 34 2, gy, 447, 314 9 E24u]
t = Operating time of used tube 2 A o2 By Aujs 29 F AEl o] ogE of
o. = Applied stress 242 (Burner)E 58t AayS AX WAYE= 127tAR A
LMy= LMP of new tube under applied stress duf Aol FH (Tube) HS 2= 119 5 71Esko] 1 =
LM= LMP of used tube under applied stress 7|2 HEAA EHIOR B 3k gt
T, = Equivalent temperature Helw) Mdu]o] AGiA|Ql FEE= A= 270 uet 27

Zet7] (Evaporator), 5~ (Water Wall), 2} 7] (Superheater) 2
L] (Reheater)2 €T}, o]2gh FEO| AgE= 479
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Table 1 Chemical compositions of 304H tube (wt%)’

Div C S Mn P S Cr Ni
Spec 0.04-0.10 1.0 2.0 0.04 0.03 18.0 -20.0 8.0-11.0
New 0.042 0.23 1.5 0.05 0.006 18.45 8.3
Used 0.053 0.29 L5 0.05 0.005 18.20 8.0
AL 127k, Yilshy, 8494 55 TRH R efste] 4 Table 2 Mechanical properties of 304H tube’
Agtt. ) Grade Tensile strength Yield strength Elongation
UPH 02 F7) L} S40°C ofsfoll Al Aeble} S & (MP2) (MPa) (%)
Ho AR A7 (Low Alloy Steel)o] &7 ]|9} A&7 F 304H Min. 515 Min. 205 Min. 35

Holl= 9-12% Z2(Cr)o] d7he 13H27H(High Alloy Steel)S
Hga|giey.

2 e 58S P17 S8l 571 =5 600°C o)
o8 F7HA AR whet hdr)et HEr|e] FE A= 7
£ WREAEY 127kl WAalskdo] 943t 304H, 321H,

SEANE, o]t ARl FF FHE dgoA F7IRE ARG
Al A2 Z(Creep) &4 o= A4 & AEAH FE
5} (Rupture) AFTL7F H1I5HA S|t Fu 3}t Abwe] 4
Hl} Bpoliz BS: Ak} eheh ulgo] uiklo] EEHQ) B
Qo) Aw]e] 2L ST Al B TALAS WAel]
QAT AAZR 7} 71| ETE AT Aot

Tanaka’ 5-& H g BH 22 Ya] ARLEl= 304H 2H|<]
Gl e gpho 650°Ce] LEaeR el we AF}
A T et A HE AEAES Aske], oA ' AEEHA
“&(Hardening Behavior) JE]E 53t FEO] +H2H 7] A
Ak v et

304H 2H|QlE A 7F FEO] pid 7ERH i ¥
2/ do] HIEoh, 1iet AHgE
)3 ] ThAle] $37) FRsslo] R ukel Alate] dj
ol 7R5e Ao e

weba] & =EollAlE 304H He] FHO| AlZ(New Tube)
@} AR (Used Tube, ARE-Z7 18 MPa, 650°C, 96,000 hr)E tj
AFo2 AR 1S Tanaka 50| AXIT Halo] Hgalo] 4t
29 s Avel SHAel S Brh Bl ok W
a2} € (Larson Miller Parameter, LMP)S &850 dojx Z
s AT Blugho 2y, FAere S5 8B 7 7)ed AlFA
& Azt ai,

2. Mz H ALY

21 M=

STS304H Tube:= 7|&2] STS304 (18Cr-8Ni) Aol 127}
8 3FA717] $18) Eha(Carbon) ¥ F7HAA Teske 4
Aole}. Aol ALSEl 304H Tubeo] TF4L 27 63.5 mm, 57
5.5mmolch. E3, HaAz|E E AWt Buol Bst =

15.0kV SEI

(b) Used tube (x1,000)

Fig. 1 Microstructure conditions of test piece

A B Al Table 13} 200, ul= 7|4 §3](ASME) Code
of|A] 215k= 304H Tube?] SFsHIHE 7|S vh59kE & 4= 9l
t}h. 304H FE.9] 7|44 E/d2 Table 29} Zt}.

Fig. 1= AR FHO mN22] ARlo=2 A4 Fig. 1(2)9]
A9 A, AEu 2 ARl Yol 128 of A7 YA (Grain-
Boundary)olli= Al&=0] AAEA] =2 Aefolct. WhH AREAY
Fig. 1(b)= 304H 277} 500 - 900°Ce] &&= ¢]of| A7|7t &
Al AEE= Aom AR Sl 28 93 (CriCoel A UA
£ SHoE 44 (Chain-Like) P2 A& Zlo] SRIE L, A
vl AX(Sigma Phase)= 4R T, =T EZ 7]F(Creep
Cavity)2 BF2l=] 2] okotrh*
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G:16+£0.1mm,D:4.0+£0.1 mm,R:4 mm, A:20 mm
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Fig. 2 Specimens and testers of creep rupture test
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Fig. 3 Stress versus time to rupture for type 304H tube’

2.2 A

AEARE Ao} AHEAE ko A2z sie Ale
S5 JLH3}o], Micro-Vickers Hardness Tester (Shimazuiit, Load
300 g% ol g3tel 24l

223 ST e B5E o]85to] 44 5152 75He Dead
Weight Type=12]3z A[7|2 2185}5ich F2)s afckae] =2
7] ASTM E-89] 143} At FEO FAE aLeste,
Fig. 29} 2] 217(D) 4.0 mm Feje] Al Zga1oicho A%
ko 7y A o RN AR 1, AREA 3) = 16715 75

L, QA7REBE Mg A Fiol 28 SR8 MPayS Ag51o]
oF s, ThebrlzE A7l 1,000 hel Tejet uf Qlojal AlF-ew
7} 304HO| WALSH 2= (816°C)2 2}k 247} glo], Fig. 3
o] Ao = HeAlS arsto] ahekr|E AIRE Qo] Waksl &4
Rlo] shgto] WAE S QES SeiTh LEEAS 90 MPa, 700°C
o= Ayt

E oy i —e—650°C, 177WPa, tr71,9h
200} (@) —a— 650°C, 118NPa, +r2621. 3h
—=—650°C, 61NPa, tr100491. 4h
hd --O-- 650°C. thermal aging
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Fig. 4 Vickers hardness during creep as functions of (a) time, (b)
normalized time t/tr at 650°C

Table 3 Results of hardness tests
Div. 1 2 3 4 5 Aveg
New 163 169 146 151 161 158
Used #1 165 174 177 176 178 174
Used #2 171 162 174 171 174 170
Used #3 166 164 162 177 179 170

3. AEAL

3.1 B=Hol 2t ~FEBTL

Tanaka 5-2 304H 2H|Q1E|2 7S iAFO 2 650°C] 2%
2 st 37F2] §2 %7 (177 MPa, 118 MPa, 61 MPa)O.& =
2 whAS ke I Foll dA FEE Y A

WA R AEARE st A3AsS S AT Vs
< AAsHATE.
T A Fig. 49k 2om, 8 g¥o] $AHELE HRAS
(Ashe] Sk AES BhR1e 4 ik S, S2lo] b
ok O

W2 22091 61 MPad] 9= §3o] Fat=A] ¢of2 Ao}
(Thermal Aging) ZAx} v o, g_a]g afek A& o] A 7
goll AR Akt A= Hol FAIE &

2] whaAlE ) At *FQ—ZH fFuo) AEAY Aok
Table 37} 2th. Azl wWew AgA RHel W A
171 Hv2M& AR 52 4 F=Q] 158 HvETh 13 - 15Hy A=
Z71=E Aol o 4= olr,].

AA dB] AR 2l

o] AtAuto]| -85t é&t Fig. 4(b)2] ©He} 7ron, o]i= oF
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Fig. 5 Vickers hardness trend after creep rupture tests

o2 gejo] Fal Alo|x| Gauge) H512} 7 (Grip) 49 71l
AT o) S SRRISHIA, AA #3 NS O 17 H9)
e Aol RN A PolE | mm (HHOR HEE 27
shgick. 23 A0H= Fig 59k 2on, Selo] F3E Aolx] 9]
o PHAS Aot SN BAE BRI & 2k 520
Byl Alo|x] Hejo] Ar 7ke oF 220 HvE 650°C 2% 27
o} Tanaka o] 433k Al@ 2T} g Hrk cha oL}, el
= o] WAE Aolx] 9] fARE AE grel B

. % 3gjeh Aolx| H9lo] ul
z#] ApAlo|ch. Fig. 6(by= S2lo] ¥7hel Alo]] 29lo] ul4z
How 288eo] Wake ket QAH(Grain)2] QAL (Elongated)
A7k Bie1E], Se) vk Pej vbdom Lo geo] &
8398w Lhehhs 417]18H 7% (Wedge Type Cracking)o] 2
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3.2 LMPE 0|3%} off A £HE7}

)3 A AIk= Fig 73 2 FEAR 159 A3
EwtdAd Soll 7118te] mhata|zke] Hxprh Alsl SR =
< glofit ARSA) #3-29F AREAY #2-29] Avk= ahekAl Tt A
Fol| A A|e]stoict.
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(b) Gauge part (x400)

Fig. 6 Microstructure conditions after creep rupture test
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Fig. 7 Results of creep rupture tests

802 hr, 707 hro]c}.

Sels Y@ S Ang Fere 2EEsel 9ol A

{/31= Larson Miller Parametero] Z-831H, A](1), A](2)2} Zo]
FHE
= (T,+273.15)x(11.389+ log7,) )
M, =(T,+273.15)x(11.389 +logt,) 2)
2871(1), 2) A& nell thste] gejshd, A (3)a et

= 3)

{[LAﬁ) LAlj }
T,+273.15 1
10



June 2017/415

1000 T T T T
T Type 304H Tubing - 9 Heats - Ref: NRIM CDS No. 4B —
T216 tests (datawith time to rupture < 1000 hrs & allinterupted tests were excluded) ——— 1
T Test temperatures fram B00°C to 850° C Stress Ievelsfmm 20 MPato 216 MPa
[ Logtt Ilrs) 11.389 18?46602/[ 268.416 log(S)T - 939615"09[5)]1”
o | T = temperature, K S = stress,MPa
E TR “ u
SR e
= 4
= s “
4 100 -~
0 i
= I Py 4d
%] Ttrpst = trpsom 0.339] S Ry Y TR
NS
= =T \
10 — ——— — — —
12000 13000 14000 15000 16000 17000

LMP = (T,°C +273.15) [11.389+og(time-to-rupture,hrs)]

Fig. 8 Extrapolation results of LMP by NRIM 304H tube master
curve at 18 MPa®

o714 oz ARE-EE (kg/mm?), Ti= S7HHE 2&=(°C)olH, 1,
6 ARE-EEOA O] Al o ARG TG whhARS: oju|gict.
A= AR EHol AM8-A17H96,000 hr)o|w, LMt LM= AR
2 ol M) Alsh AR Ere] LMP grolct.

)= FhA| 2791 90 MPa, 700°Co| A Ao AR} A}
L9] TtA|7Hz =707 hr, ¢, =802 hr) A= Al(1), 2(2)°]
chelshe, Aot AHgA el LMP gk 78 4 glon], 1
A= LM, = 13,910, LM, = 13,8560|tc}.

Al ARGA FEO] ARGEZAR1 18 MPa, 650°CoflA] 9] LM,
LM, g, 222 apdA 1S Fofl Alike LMP A& Fig. 89
NRIM (National Research Institute for Metals)oj| 4] 23S 304H
Tube®] | ufAg Ao Z-83le] 24 (Extrapolation
Method)= F3lf 38 4= Qleh. AA| ARG A 9] LM, LM,
O] A= 7+ ZF 16,200, 16,1470, o] & A](3)]l thHYshH,
#E 679,200 hrd2 & 4= Qo)

AR T A A2 BRiAle] LA o)
ThAbe] e A1) Fre] mekgho] Eick, 4 Al W)
7HAe] SHARME AR Fre] wekigkom Uino] Ake o
1 A3} oF 12%0]t}. o]Hat 34 /\:ﬂu:u} Azp= 314 9] 7
= o] ofst 47} Ajel 7o) AXTHE & 4 9l

4. 42
AR B 2HQIH2T 304H 27 R 43 B} Al
§ AFS BAHOR A} A FHE o Sem

=] 5
A A, & AEAR datet FE)x od AIF 9 Anks 5
aff ofefjol 22 AES IS 4 AUl
& FHO Am= AR tiv] 8%
slolgt 4 3,11:} o3t A= A¥E Tanaka’}
g Avgo] i Hx SRk #AE el
U= Aol tflsf B oF 13%2] F2|Z s=rgo] Aujd AL
& 4= QU

(2) Tz aAlg - ek AJEe] Alo)R] B8] AEE &
A%t A} oF 220 HvE Tanaka®] A2 ute} GASE Aakolc).

(3) AAel ARA] BHo it wutk A7 ZFZE 802 hr,
707 heol, ol kst ol el sfefalelo] M8l o
Hog Fe|x 1 nleS 4RSS Ak oF 12%0]t). o]t
sfAFoR Az o HlES ARERE Aibe A= ot
St Asiet 9] Alska et

o|Are] Au}ZHE| Tanaka’} At HEFH-L2 304H Tubel]
714 g ol Fagt AAHR +EH7 7eR 2 AlF
2= Ao = HASE webA, B =R 304H Tubed] 4
B7P7le= g0l 7hsshhal ke

B
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